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(57) Abstract 

A hand-held probe (10) for measuring a tire tread profile comprises a housing (20) with a slit (64) formed parallel to its major axis, 
a range finder (70) mounted inside the housing (20) in such a way that it can traverse much of the length of the tube while directing light 
from a laser dirough a window (60) and onto a tire surface, a bracket (50) that is carried by the proximal end of the tube to enable the 
user to hold the probe (10) in position against the tire, a serial port (32) for connection with a computer (40), and a handle (30) that houses 
the batteries for operation and an IR or RF transmitter. The IR or RF transmitter is for transmitting the tire tread profile wirelessly to a 
computer suitably equipped to receive IR or RF transmissions. 
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HAND HELD PROBE FOR MEASURING TIRE TREAD WEAR 
L Priority Claim: 

This application claims the benefit of U.S. Provisional Application No. 60/115,915. 
filed on January 14, 1999, which is hereby incorporated by reference. 
5 2. Field of the Invention: 

The pre::ent invention relates to devices for measuring tire tread wear. More 
specifically, the present invention is a device for determining the tread profile by electro- 
optical measurements so that tread wear can be quantified. 
3. Background of the Invention: 
10 Tire treads are defined by a number of grooves or channels cut into the peripiicral 

portion of the tire. The treads are the portions of the periphery that come into contact with 
the road. 

Tire treads give tires traction in cornering and stopping. Tire treads, however, wear 
during the course of use. Eventually, treads wear to the point where their ability to provide 

IS traction is compromised and the tire needs to be replaced or recapped. 

Because tire treads wear slowly, and the amount of wear from day to day or week 
to week is inq)ercq)tible, frequent checking is unnecessary. Yet, unless a tire is checked 
for the depth of its treads at some reasonable interval, an excessively worn tire can be 
overlooked. Checking tire tread depth at intervals can allow a reasonably prediction as to 

20 when the tire will need to be replaced. Furthermore, such a prediction cannot be made, and, 
indeed, the amount of tread remaining can be difficult to quantify, without a measurement. 

Many states have requirements about the condition of the treads of a tire and require 
the replacement of tures when they become excessively worn. Fleet managers may have 
their own internal requirements for replacement of tkes that are worn based on trc«;d depth 

25 or after a specified nxunber of miles. Simple gauges or rulers are simply not accurate 
enough. Accurate measurement of tire tread depth is difficult to do without removing the 
tire and measuring the tread with special electro-optical measuring devices. See for 
example, the patents of Sube et al issued September 21 , 1993, US No. 5,245,867, and Dory 
et al, issued October 5, 1993, US No. 5,249,460. In order to obtain an accurate 

30 measurement, the tire is suspended so that it is not engaging a surface. These devices are 
expensive and require a good deal of tune and effort for checking the dq>th of the tread of 
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a single tire. However, there remains a need for accurate tire tread depth measurement that 
does not have the defects of the prior art and that measures the profile of the tire tread so 
that tread depth can be quantified 

SUMMARY OF THE INVENTION 

S According to its major aspects and briefly recited, the present invention is a probe 

for measuring the profile of a tire tread. A tire tread profile is a two-dunensional plot of the 
distance from each point on a fixed reference line running across the tire from side to side 
to the nearest point on the tire surface. This plot will show the differences in the distances 
to the Ime for the treads and the channels and thus the amount of wear on the treads. The 

10 hand held probe comprises a aousing with a slit formed parallel to its major axis, a handle 
attached to the proximal end of the housing, a range finder mounted inside the housing in 
such a way that it can traverse much of the length of the tube while directing light from a 
laser through a window mounted over the slit, and a bracket that is carried near the proximal 
end of the tube to enable the user to hold the probe in position against the tire. The output 

IS from the device is via a computer port proximate to the handle or an IR or RF transmitter 
firom the end of the handle. Power is supplied to the device by batteries in the handle. 

The housing of the probe is placed against the tire with the slit and its window facmg 
the tread. Preferably, the housing has an concave arcuate pordon formed therein to define 
two edges of the housing that can act as supports on either side of the window to rest against 

20 the tire. When the device is pushed laterally toward the near side of the tire until it engages 
the tire, the device is then stabilized and in position to make a measurement. With the 
housing thus in position, the reference line with respect to the tire is set. The device is 
activated by pressmg an ^^on" button, causing the range finder to determine the distance 
from the range finder to the tire as the range finder slowly traverses the length of the 

25 housing. The distance data - in terms of x and y coordinates — is fed to the computer via 
either the computer port on the proximal end of the housing or the IR or RF window on the 
end of the handle. The computer can display the distance to the tread and to channels 
between treads as output, thus displaying the profile of the tire. A computer suitably 
programmed with local tread requirements can also determine if the tire is acceptable or not. 

30 An advantage of the present device is its simplicity of use. The bracket and arcuate 

housing make it easy to posidon against the tire so that it is stable. The conq)uter port that 
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supports data transmission to a computer make the results of the measurement quickly 
available to the user via any computer. 

Another advantage of the present invention is that it provides a tire tread profile 
rather than a series of single distance measurements. The profile of a tire provides more 
5 information than any smgle measurement and is a more reliable indicator of tread wear than 
a series of individual measurements, and quicker to obtain. 

The IR or RF window in the base of the handle is still another feature of the present 
mvention. This window makes it possible to avoid use of a cable when operating the present 
handheld tire tread profiler. 
10 Other features and then au..^ges will be apparent to those skilled m the art of 

tread depth measurement from a careful reading of the Detailed Description of Preferred 
Embodiments accompanied by the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, 

IS Fig. I is a perspective view of the probe according to a preferred embodiment of the 

present invention placed against a tire; 

Fig. 2 is a side, cross sectional view of a detail of the housmg of the probe of Fig. 

1; and 

Fig. 3 is a view of a display on the conq)uter on the probe of Fig. 1 with a sample 
20 display. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present uivention is a hand-held probe for measuring the depth of tu:e treads. 
Tfare tieads are integral, radial projections about the circumference of a vehicular tire 
separated by narrow gaps or channels from each other. Fig. 1 illustrates the present probe, 
25 indicated by reference nimiber 10 in position for a measurement against a tire 12 with treads 
14. Gaps 16 are between treads 14. Probe 10 determiner the difference in radial distance 
between the bottom of gaps 16 and the tops of treads 14 and whether this difference meets 
whatever preselected requirements are imposed by the user or other authority. 

Probe 10 comprises a generally cylindrical housing 20 having a proximal end 22 and 
30 a distal end 24. Housmg 20 is made of light-weight tubmg such as aluminum, steel, plastic 
such as nylon, or composite materials. A handle 30 is fitted on proximal end 22 and an 
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on/off button 36. Near handle is serial port 32 for connection to a small computer 40 with 
display 42 and controls 44 via a cable 26. Computer 40 is preferably of the size of a 
pahntop computer such as that sold under the brand name PALM PILOT, CASSIOPEIA or 
PSION. These types of computers can receive data into memory and process them for 
S display and storage in a manner well known in the art. Stored data can later be downloaded 
to a different computer as desired. 

Near proximal end 22 is a bracket SO for engaging the side of tire 12 for stability and 
to help in aligning probe 10, as will be described more fully below. Along the major axis 
of housing 20 is a window 60 having z frame 62 with a slit 64 covered by an optical glass 

10 66 to keep dust and dirt out of housing 20. The length of slit 64 should be just as wide as 
the widest tire to be encountered. 

Housing 20 is hollow, has a concave arcuate shape along one side at 28 and is 
dimensioned internally to house a distance range fmder 70 and a carrier assembly 80 for 
moving distance finder 70 along window 60 while enabling range finder 70 to measure 

1 S distance (Y -coordinate) from it to tire 12 as it moves along housing 20 (X-coordinate) when 
probe 10 is properly positioned against tire 12. Range finder 70 sends measurement data 
to computer 40 by internal cable 72 for computation and display of results eidier through 
serial port 32 or IR (infrared) or RF (radio frequency) transmission window 34 in the base 
of handle 30. By measuring distance between the reference line, which is defined by the 

20 location of the distance finder 70 as it traverses housing 20, and the nearest point on tire 12, 
the tire profile along its rolling face from side to side can be detmnined and, by subtraction 
from the reference, the difference in distance between the top of treads 14 and the bottom 
of gaps 16. This difference will either meet or aot meet a preselected criterion storable in 
computer 40. Conq)uter 40 may be programmed to apply local criteria to the distance 

25 measurement and thus produce an "OK" or **NOT OK** along with the distance 92 and the 
profile 94, as shown in Fig. 3. 

During operation, probe 10 is held against tire 12 with the plane of window 60 
parallel to the tangent of tire 12 and the two edges 32, 54 of housing 20 against the surface 
of tire 12 and bracket SO against the side of tire 12. This "three-point" contact allows probe 

30 10 to have a complete view of tread 14*s cross section and be stable for the measurement. 
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Stability is inq)oitant to preserve the integrity of the line of reference to the tire defined by 
the movement of the range finder 70 

Range finder 70, which is moimted on the inside of housing 20 can measure the 
distance from a reference point to any opaque object durectly in front of it. Range finder 70 

S must have a range of operation not less than one inch m front of it and not more than two 
mches away from the device; that is, it must be capable of measuring the distance to an 
object as close as one inch and as distant as two inches away. This range allows range 
finder 70 to function through the thickness of the glass 64 and still have sufficient range to 
reach the bottom of a gap between treads of a deep truck tire. Range finder 70 must have 

10 very tight field of view so as to be able to accurately detect the edge of treads 14 and not 
produce &lse readings taken partially on top of treads 14 and partially in gaps 16. 

Range finder 70 enq)Ioys a diode laser light source 74 and two linear position sensors 
76 arranged so as to be able to measure the distance to tire 12 when probe 10 is positioned 
properly against tire 12. Light source 74 is fitted with optics to produce a tightly focused 

IS light spot on tire 12. Light is projected toward tire 12 on a line which is parallel to a tire 
radius vector. An unage of the spot on tire 12 is then focused on the Imear position sensor 
76. Linear position sensors 76 produce electrical signals proportional to the location of the 
spot on the sensor surface. The sensor is positioned at an angle to the laser so that the 
location of the focused spot on the sensor therefore functions as a laser triangulation distance 

20 measurement device. 

The depth of gap 16 can be large compared to its width The narrow shape of gap 
16 can block the view of a single linear position sensor when the laser spot is at the bottom 
of gap 16. This problem is most evident when the spot drops into gap 16 with the edge of 
tread 14 on the same side as that position sensors. To improve measurements on in gaps 16, 

25 the present range finder 70 uses two position sensors 76. Sensors 76 are mounted at 
complementary angles on either side of laser light source 74. This improves the percentage 
of the width of the bottom of gaps 16 that can be measured. 

To measure a compete cross section of tire 12, range finder 70 scans across tire 12*s 
width carried by carrier assembly. Range finder 70 is mounted on a linear bearing 82 and 

30 guided with a rod 84 mounted parallel to the central axis of housing 20. A pulley 86, 88, 
is mounted at each end of rod 84 and motor-driven, toothed belt 90 is fitted between pulleys 
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86, : J. The motor-driven belt 90 is used to move range finder 70 along the length of rod 
84 while measm-ement is being taken. The motor is not shown since this type of 
mechanism, similar to that of a printer head carrier is well known to those skilled in the art. 
See for exan4>le US Patent No. 5,162,916. Batteries 98 to power the range finder motor 
are located m handle 30. 

The position of range finder 70 along rod 84 may be measm-ed by a displacement 
transducer (not shown) or tracked using a stepper motor (not shown) on belt 90. 

The tread profile is a data set consisting of points containing an X-coordinate which 
is the position of range tmaer 70 on guide rod 84 and a Y-coordinate which is ihz distance 
from range finder 70 to the surface of tire 12. These coordinates are transmitted to 
computer 40 by means of suitable and conventional data link such as cable 72. 

Computer 40 can produce a plot of the data points to enable the user to ensure that 
the unit is functioning correctly. Display 42 shows a first plot 92 of actual distance to tire 
12, a second plot 94 showing die difference in distance between a reference point on tread 
14, and an indication as to whether the tread depth is sufficient or not accordmg to a 
preselected criterion. Clearly various output can also be displayed from the received data, 
such as average and mean tread depth, minimum tread depth, and so on. Specific criteria 
as defined by local highway regulators may be applied to determine if the tire is passable. 
The measurements may also be used to predict when tire replacement will be required or the 
number of miles until tire replacement based on comparison with stored data about a 
particular tire or tires in general. 

In use, probe 10 is placed against the roiling face of a tire 12 and pushed against tire 
12 so that bracket 50 engages the side of tire 12 and window 60 is parallel to the tangent of 
tire 12 where the edges 52, 54, of probe 10 meet tu:e 12. Range finder 70 and carrier 
assembly are activated by pressmg on/ofif button 36. Light source 74 on range finder 70 
transmits a beam nf well focused light onto tire 12 through window 60 and position sensors 
76 adjacent light source 74 on range finder 70 perceive the distance from range finder 70 
to tire 12. The data reflective of that distance are transmitted through cable 72 to computer 
40 where the data is analyzed and displayed on display 42 for the operator. 

It will be apparent to those skilled in the art of tread depth measurement that many 
modifications and substitutions can be made to the foregoing description of preferred 
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embodiments without departing from the spirit and scope of the present invention, defined 
by the appended claim* 
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WHAT IS CLAIMED IS: 

1 . A probe for measuring tread depth, said probe comprising: 

a housing having a window formed therein, said housing having a proximal end and 

a distal end; 

5 range finding means carried within said housing and oriented so that said range 

finder directs a beam of light through said window; 

means for moving said range findmg means parallel to said window; 
means carried by said housing for gripping said housing; 
tire^jngaging means earned by said proximal end for engaging a side of a tire; and 
10 means carried by said housing and in operational connection with said range findmg 

means and said moving means for sending distance data from said laser range finding means 
as said laser range finding means is moved parallel to said window. 

2. The probe as recited in claim 1. wherein said housing has an concave arcuate 
edge formed at both said proximal end and said distal end to provide support for a tire. 
15 3. Theprobeasrecitedindaiml.fbrthercomprisingacommunicationsportmeans 

carried by said gripping means for communicating distance data to a compoter. 

4. The probe as recited in claim 3, wherein said communications port means 

transmits distance data using an infrared transmission. 

5. The probe as recited in claim 3, wherein said communications port means 

20 transmits measurement data using a radio firequency transmission. 

6. Theprobeasrecitedinclaiml.whereinsaidgrippmgmeansisahandlecarried 

by said proximal end of said housing. 

7. The F-obe as recited in claim 3. further comprising a handheld computer, said 
handheldcomputer inelectrical communication with said range findingmeans.saidhandheld 

25 computer having a display and means for plotting distance data. 

8. A probe for measuring tread depth, said probe comprising: 

a housing having a window formed tN;rein. said housing having a proximal end and 

a distal end; 

range finding means carried within said housing and oriented so tiiat said range 
30 finder directs a beam of light through said window; 

means for moving said range finding means paraUel to said window; 
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a handle carried by said proximal end of said housing; and 

means carried by said housing and in operational connection with said range findmg 
means and said moving means for sending distance data from said laser range finding means 
as said laser range finding means is moved parallel to said window.; and 

communications port means carried by said handle for communicating distance data 
to a computer. 

9. The probe as recited in claim 8, wherein said communications port means 
transmits measurement data using an info^ed transmission. 

10. The probe as recited in claim 8, wherein said communications port means 
transmits measurement data using radio frequency transmission. 

1 1 . The probe as recited in claim 8» further comprising tire-engaging means carried 
by said proximal end for engaging a side of a tire. 

12. The probe as recited in claim 8, wherein said window is positioned in contact 
with the tread of a tire. 

13. The probe as recited in claim 8, further comprising a handheld computer, said 
handheld computer in electrical communication with said range finding means, said handheld 
conq>uter having a display and means for plotting distance data. 

14. The probe as recited in claim 8, wherein said gripping means is a handle carried 
by said proximal end of said housing. 

15. A method for measuring the tread profile of a tire, said method comprismg the 
steps of: 

scanning the roUing face of a tire to determine the tread profile; 
communicating said tread profile to a computer having a display; 
plotting the treaa profile on said display; 

16. The method as recited in claim 15, wherein said scanning step and 
communicating step is performed by a probe having a handle, said handle having a 
communications port that communicates said tread profile to said computer. 

17. The method as recited in claim IS, wherein said tread profile is communicated 
to said computer using a transmission selected from the group consisting of infrared and 
radio frequen^. 
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18. The method as recited in claim IS, wherein said scanning step is performed by 
a handheld probe. 

19. The method as recited in claim 15, further comprising the step of determining 
whether the tread profile con^lies with the minimum allowable tread profile listed in 

S governmental regulations. 

20. The method as recited in claun 19, further comprising the step of predicting 
when the tire needs replaced to comply with the minimum allowable tread profile listed in 
governmental regulations. 
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